Introduction
Neurotransmitter influences on cellular function have classically been ascribed to second and tertiary messengers such as cyclic AMP and protein phosphorylation. The advent of gasotransmitters, particularly nitric oxide (NO), but including carbon monoxide (CO) and hydrogen sulfide (H 2 S), has markedly altered conceptualizations about the path from the synapse to intracellular protein modification. Gases do not bind to cell surface receptors, hence do not require the intermediation of conventional membrane receptors and second messenger machinery such as G-proteins and adenylyl cyclase. Instead, the gases directly interact with targets, such as guanylyl cyclase [1] . Probably more prevalent is the S-nitrosylation (hereafter designated 'nitrosylation') by NO of cysteine residues in a wide range of target proteins. Specificity of signaling derives from NO synthase (NOS) binding to its targets directly or via scaffolding proteins such as CAPON (carboxy-terminal PDZ ligand of nNOS) [2] . H 2 S also modifies cysteines in target proteins, forming persulfide bonds, a process designated sulfhydration [3] (Glossary). In addition to nitrosylation and sulfhydration, cysteines in a wide range of proteins can be modified by fatty acids. Most of these alterations, such as prenylation, farnesylation and geranylation, are semi-permanent, serving to anchor proteins to membranes. By contrast, palmitoylation is dynamic and turns over with a half-life as short as 1-2 h [4].
Lysine residues in a variety of intracellular proteins are also modified in response to neurotransmitter signaling systems. Acetylation of nuclear histones has long been known to regulate transcription [5] . More recently, many non-nuclear, non-histone proteins have been shown to be acetylated, with this process being regulated by neurotransmission [6] . Sumoylation involves the attachment Review Glossary Acetylation: histone acetylation involves the attachment of acetyl groups to lysine residues in the N-terminal tails of histone proteins. It is believed that the acetylation of lysine residues decreases the affinity of histones for DNA, thereby making DNA more accessible for transcription. The opposite reaction (deacetylation) removes acetyl groups from lysine residues in the N-terminal tails of histone proteins. A large number of non-histone proteins are also acetylated to control diverse cell processes. Biotin Switch assay: demonstration of physiological nitrosylation of numerous proteins under basal conditions by endogenously generated NO was rendered feasible by development of the biotin switch assay. In this procedure free thiols are blocked by the sulfhydryl-reactive compound, methyl methane thiolsulfonate; the nitrosylated thiols are then exposed by treatment with ascorbate, labeled with biotin, coupled to streptavidin, and nitrosylated proteins are separated by gel electrophoresis. Palmitoylation: the most prominent modification of cysteines in proteins is palmitoylation, Protein palmitoylation is an enzymatic reaction, which is mediated by palmitoyltransferases (PAT). Palmitate, a 16-carbon fatty acid, forms an ester linkage with free thiols of cysteines. Other fatty acids, such as oleate, arachidonate, myristate and stearate can also attach in a similar manner to cysteine residues in proteins, however, these forms of modifications are beyond the scope of the current review. S-nitrosylation: nitric oxide (NO) is produced enzymatically in most or all cell types and tissues. Addition of an NO group to the thiol side chain of cysteine residues within proteins and peptides is termed S-nitrosylation. Nitrosylation provides an NO 'cap' to the reactive sulfhydryl of cysteines in proteins, thus limiting chemical reactivity of this side chain. Sulfhydration: sulfhydration (SHY) is a physiological process wherein hydrogen sulfide (H 2 S) attaches an additional sulfur to the thiol (-SH) groups of cysteine residues within proteins, yielding a hydropersulfide group (-SSH). The process is mediated by H 2 S enzymatically generated from L-cysteine by cystathione g-lyase (CSE) or cystathionine b-synthase (CBS). This is not to be confused with S-thiolation or S-thionylation, in which a protein thiol forms a mixed disulfide with a small-molecular weight thiol such as glutathione or cysteine. S-thiolation blocks the protein thiol rendering it non-reactive, whereas S-sulfhydration yields an -SSH moiety which has enhanced chemical reactivity. Sumoylation: SUMO (small ubiquitin-related modifier), also known as 'centrin', is a 101 amino acid protein. In a similar fashion to ubiquitin, SUMO can be covalently attached to the S-amino group of lysine side chains on proteins via an enzymatic reaction known as sumoylation. Four mammalian SUMO isoforms have been identified (SUMO 1-4 
